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[57] ABSTRACT 

A semiconductor integrated circuit has a semiconduc- 
tor output device (3) , a sensor (5) generating an electric 
signal (7) relevant to heat generation (6) of the output 
device (3) and a microprocessor unit MPU 2, inside a 
chip (1). The MPU (2) is constructed of a memory (20) 
and CPU (22). The electric signal (7) generated from 
the sensor (5) is processed by the CPU (22) in accor- 
dance with a stored program of the memory (20). Ac- 
cordingly, the drivability of the semiconductor output 
device (3) can be set in an optimum state corresponding 
to changes in chip temperature including changes that 
are only momentary. 

4 Claims, 6 Drawing Sheets 
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tor integrated circuit having a chip temperature control 
SEMICONDUCTOR INTEGRATED CIRCUIT function of high grade. 

HAVING SEMICONDUCTOR OUTPUT DEVICE The semiconductor integrate circuit being typical of 

DRIVING EXTERNAL LOAD AND the inventions disclosed in the present application has 

MICROPROCESSOR UNIT 5 a semiconductor output device (3) driving an external 

load (12) , 

This application is a continuation of application Ser. a sensor (5) generating an electric signal (7) relevant 
No. 785,808, filed on Oct 31, 1991, now abandoned to heat generation (6) of said semiconductor output 

BACKGROUND OF THE INVETION in device ® ' and w _ ^ . . „ . ^ - 
10 a microprocessor unit (2) constructed at least of a 

FIELD OF THE INVETOIN memory (20) and CPU (22), inside a chip (1), 

The present invention relates to a technique of con- wherein the aforesaid electric signal (7) generated 

trol of chip temperature of a semiconductor integrated from the aforesaid sensor (5) is processed in the 

circuit having a high power semiconductor output de- aforesaid CPU (22) in accordance with a stored 

vice (power operation) and a controller controlling the 15 program of the aforesaid memory (20) and 

output device. wherein the drivability of the aforesaid semiconduc- 

DESCRIPTION OF THE PRIOR ART 401 out P ut device (3) is set in accordance with the 

result of said processing. 

A conventional semiconductor integrated circuit A program for executing a chip temperature control 

having a high power semiconductor output device 20 ^ ^ stored m the memory (20) of the imcroprocessor 

(power operation), the controller controlling the device unit (2)> ^ ^ electric signal (7) generated 

and a unit for detecting ^ ^olhng^ tempera- f the (5) ^ processed m th e CPU (22) in 

T;?^ 10 ** m PCIM 88 PR0CEEDINGS ' PP - accordance with the stored program of this memory 
23—31, 1988. /jav 

According to this prior art, an alarm signal is deiiv- 25 Accordin ^ the ^bUity of the semiconductor 
ered when a semiconductor chip temperature becomes devi S (3) can be set in the optimum state corre- 

140* C. or above, and the semiconductor output device o . „i, ' ^ ■ - . . i^rof,,^ 4«„i.„i;„« 

is put in an "OFF" state when the semiconductor chip spondm , g to c ^ scs m * e ^ temperature mcluding 
temperature becomes 170* C-180' C or above. Whei momentary changes, and thus a semiconductor inte- 
the ^conductor chip temperature lowers to W C. 30 f* ™? C ° ntr ° 1 ^ 

thereafter, the semiconductor output device is put in an grade can be furnished. 

"ON" state aeain. Besides, it is also possible to limit stepwise the dnva- 

bility of the semiconductor output device (3) corre- 
SUMMARY OF THE INVENTION sponding to the rise in the chip temperature, and it is 

Accoromgtomeabove-stat^ 35 ^ble further to enlarge remarkably an operation 

ductor output device conducting a power operation is ™& » wluch semiconductor output device (3) can 
put in the "OFF' state only when the chip temperature *™ thcexternal load (12) m comparison with a sunple 
of the semiconductor integrated circuit having the semi- "ON-OFF" control with the setting temperature as a 
conductor output device rises to a setting temperature boundary which is one of conventional techniques, 
of 170° C.-180* C. or above, and control of the power 40 0ther ob J ects distinctive features of the present 
operation of the semiconductor output device corre- invention will be apparent from the following embodi- 
sponding to the chip temperature is not conducted, even ments. 

though detection of the chip temperature is executed, BRIEF DESCRIPTION OF THE DRAWINGS 
when the semiconductor chip temperature is below the 

setting temperature. 45 FIG * 1 is a block diagram showing a circuit construe- 

Even when the semiconductor chip temperature rises tion of a semiconductor integrated circuit according to 
near to the setting temperature due to abnormality of an one embodiment of the present invention; 
external load driven by the semiconductor output de- F 10 - 2 is a top view of a semiconductor chip showing 
vice or due to an abnormal rise in a supply voltage or a simplified circuit layout of the semiconductor inte- 
the like, accordingly, a limiting operation of the semi- 50 grated circuit according to one embodiment of the pres- 
conductor output device is not started at all, and the ent invention shown in FIG. 1; 
semiconductor output device is put in the "OFF' state FIG- 3 is a block diagram showing the construction 
only when the semiconductor chip temperature exceeds of the MPU of FIGS. 1 and 2 in more detail; 
the setting temperature. FIG. 4 is an illustration showing the process of a 

In the prior art, as described above, the limiting oper- 55 semiconductor chip temperature detection-control pro- 
ation is divided definitely, with the setting temperature gram stored in a memory of the MPU of the embodi- 
as a boundary, into an operation area wherein the limit- ment of FIGS. 1 to 3; 

ing operation of the semiconductor output device is not FIGS. 5 (A) and (B) are graph s showing changes in 
conducted at all and an operation area wherein a 100% drivability of a power MOSFET in relation to a rise in 
limiting operation ("OFF' control) of the semiconduc- 60 chip temperature in the cases of a prior art device and 
tor output device is conducted. The present inventors the present embodiment of FIGS. 1 to 4; 
have determined that there is a problem in this prior art FIG. 6 is a block diagram showing a circuit construc- 
system in that an operation control of the semiconduc- tion of a semiconductor integrated circuit according to 
tor output device of high function corresponding to the a second embodiment of the present invention; 
chip temperature changing momentarily is impossible. 65 FIG. 7 is a top view of a semiconductor chip showing 
The present invention has been made on the basis of a simplified circuit layout of the semiconductor inte- 
results of examination by the present inventors as de- grated circuit according to the second embodiment of 
scribed above, and is aimed at furnishing a semiconduc- the present invention shown in FIG. 6; and 
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FIG. 8 is a flowchart showing the process of a semi- The CPU 22 accesses the memory 20 by delivering an 

conductor chip temperature detection-control program address signal to the address bus (AB) 211, and it reads 

in the second embodiment of the present invention of out instructions or data from the memory 20 and calcu- 

FIGS. 6 and 7. lates them, while writing data on calculation results in 

5 the memory 20. 

DESCRIPTION OF THE PREFERRED ^ order to read out instructions to be succeedingly 

EMBODIMENTS executed from the memory 20, a program counter 2201 

The embodiments of the present invention will be accesses the memory 20 by delivering an instruction 

described in detail hereunder with reference to the address signal to the address bus 211. In the case when 

drawings. 10 the instructions are read out sequentially, this program 

FIG. 1 is a block diagram showing a circuit construe- counter 2201 makes an increment of a constant value for 

tion of a semiconductor integrated circuit according to 3X1 instruction address, while it outputs an address of a 

one embodiment of the present invention. branch target instruction in the case when the branch 

As shown in FIG. 1, a control signal 9 serving from instruction is read out in response to a conditional 

a controller 4 is supplied to power MOSFET 3 as a 15 branch instruction. 

semiconductor output device, and an output signal 10 of The instruction read out of the memory 20 in accor- 

the power MOSFET 3 thus generated drives an exter- dance address of the program counter 2201 is 

nal load 12 such as a motor. With the drive of the exter- fetched by an instruction fetch unit 2202 and then de- 

nal load 12, heat 6 generated from the power MOSFET bv . an instruction decoder 2203. A decoded result 

3istraiisniittedtoachiptem^ 20 thus obtained is a control signal for controlling an anth- 

semiconductor chip. This generated heat is converted me * c 311(3 lo ® c C^If) 2204 and other* 

into an electric signal 7 by this sensor 5. A general V™P™e register comprises eight registers 

The chip temperature sensor 5 is preferably a ring R °> " !° R7 ' **** ? T^t^^ 6 ^* bef ° re 

oscillator of MOSFET construction, for instance, and „ ^^V^fJ* AL £ ^ lat f heS , 

an oscillating frequency of the ring oscillator 5 lowers 25 * ™ ^ d * e result of 

in response to an increase in the hL 6 generated from ^ U *** » 18 J" 8 *^ AT TT 

the nower MOSFET 3 In the case when the calculation result of the ALU 

npE t • * al - " - 5 i« ^c™**^ *~ 2204 * 811 operand address for accessing the memory 20, 

The electric signal 7 of the sensor 5 is transmitted to ^us operand address is delivered to the address bus 

a microprocessor unit (MPU) 2 and ^ P^^sed by a M (AB) P 2U a m address L£ter 2m 

cental processing unit (CPU) inside the MPU 2 m ac- When the calculation result of the ALU 2204b operand 

f^ff* a ^ P^gram of a memory inside he ^tobe ^ ^ m ^ on ^ othe r ^ 

MPU 2, and a control signal 8 to be supphed to the ^ erand ^ m delivered t0 ^ ^ bus m B) 

controUer 4 is outputted from the MPU 2 212 a m data register 22 09. When the 

Besides, an mterruphon signal 11 is supphed from the 35 calculation result ofthe ALU 2204 is operand data to be 

conteoller 4tothe MPU2. ^. t . written in the general purpose register 2205, the oper- 

FIG ^isatopvaewofasemiconductorchipshowmg md data „ delivered directly to the general purpose 

a simplified circuit layout of the semiconductor inte- reg ister 2205. When the calculation result of the ALU 

grated circuit accordingto one embodiment of the pres- 2204 is data for controlling the drivability of the power 

ent invention shown m FIG. 1, and the MPU 2, the chip 40 MOSFET 3, it is delivered directly to the control signal 

temperature sensor 5, the controller 4 and the power i atcn circuit 25. 

MOSFET 3 are disposed on the top of the semiconduc- ^ accordance with the heat 6 generated from the 

tor chip 1. The temperature sensor 5, which is disposed power MOSFET 3, an oscillating frequency f of an 

adjacently to the power MOSFET 3, is set desirably in oscillation signal 7 of the ring oscillator 5 is determined, 

the center. This is because the temperature is highest 45 order to determine the semiconductor chip tempera- 

t * ierem - ture corresponding to the oscillating frequency f of this 

FIG. 3 is a block diagram showing the construction oscillation signal 7, the oscillation signal 7 of the ring 

of the microprocessor unit (MPU) of FIGS. 1 and 2 in oscillator 5 is pulse-counted for t seconds. The start and 

more detail; as can be seen the MPU 2 is preferably the end of this pulse count can be specified by supplying 

constructed of a memory 20, a bus 21, a central process- 50 a control signal to a starting terminal S and an ending 

ing unit (CPU) 22, a counter 23, a latch 24, a control terminal E ofthe counter 23. This control signal can be 

signal latch 25, etc. obtained also from the instruction decoder 2203 of the 

The memory 20 stores instructions of a semiconduc- CPU 22. A pulse count number N determined in this 

tor chip temperature detection control program to be way is supplied to the general purpose register 2205 

described in detail with reference to FIG. 4 or others, 55 through the latch circuit 24, the data bus (DB) 212 and 

and also stores calculation data (e.g. data corresponding a data register 2210. 

to chip temperatures of 100° C, 130° C, 160° C. and In accordance with the pulse count number N sup- 

180° C.) ofthe CPU 22. plied to the general purpose register 2205 in this way 

Moreover, the memory 20 comprises RAM 201 and and with instructions of the semiconductor chip tem- 

ROM 202. In the case when an instruction program is 60 perature detection-control program to be described in 

prepared by a semiconductor maker, this instruction detail with reference to FIG. 4 or others, the CPU 22 

program is stored in the ROM 202. In the case when a calculates data for controlling the drivability of the 

user desires an inherent instruction program, the inner- power MOSFET 3 and delivers the data to the control 

ent instruction program may be written in the ROM 202 signal latch circuit 25. 

constructed also of an EPROM, EEPROM or the like, 65 This data is transmitted as a control signal 8 to the 

or in the RAM 201. controller 4 through the control signal latch circuit 25, 

The bus 21 comprises an address bus (AB) 211 and a a control signal 9 is supplied from the controller 4 to the 

data bus (DB) 212. power MOSFET 3 and thereby the load drivability of 
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the. external load 12 of the power MOSFET 3 is con- A=kT- i/2 W 

^Aftrst external power supply terminal 13 and a sec- Accordingly, the temperature Ti can be calculated 

ond external power supply terminal 14 are provided for according to the following equation on the basis of the 

supplying a supply voltage to the MPU 2 and the power 5 above-stated equations (3) and (4). 

MOSFET 3 discretely. _ „ 

Besides, the supply voltage supplied from the first n-TOMTir w 

^el™ tCnninal U ^ * *° At a step 404, it is determined whether the chip tem- 

A parasitic resistance of an internal power supply 10 P™* calculated at the step 403 u ; 100* C or 
wiriii^fthe semiconductor integrated circuit can not above. When the result of determination is NO, a pro- 
be neglected If a common supply voltage is supplied to messing is transferred to the nght, and when it is YES, 
the MPU 2 and the power MOSFET 3 from a common *e processing transfers to a step 405 
external power supply terminal, therefore, supply noise At a step 405 it is detenmned whether the chip , tem- 
caused bya power operation of the power MOSFET 3 15 perature Ti calculated at the step 403 is 130 C or 
is transmitted through the power supply wiring com- above. When the result is NO, the processing transfers 
mon to the MPU 2 and cause malfunction of the MPU to a step 408 on the right (for a processing of limiting 
2 the drivability of the power MOSFET 3 to 80%), and 
' By providing the semiconductor chip 1 with the first when YES, the processing transfers to a step 406. 
external power supply terminal 13 and the second exter- 20 At the step 406, it is determined whether the chip 
nal power supply terminal 14, in contrast, it becomes temperature Ti calculated at the step 403 is 160° C or 
possible to prevent the malfunction of the MPU 2 due to above. When the result is NO, the processing transfers 
the supply noise. It is also possible to supply a stable to a step 409 on the right (for a processing of limiting 
supply voltage Vcci of 5 volts, for instance, to the first the drivability of the power MOSFET 3 to 60%), and 
external power supply terminal 13 and to supply a high 25 when YES, it transfers to a step 407. 
voltage Vcci of 50 volts necessary for the power opera- At the step 407, it is determined whether the chip 
tion of the power MOSFET 3 to the second external temperature Ti calculated at the step 403 is 180° C. or 
power supply terminal 14. above. When the result is NO, the processing transfer to 

The semiconductor chip temperature detection-con- a step 410 on the right (for a processing of limiting the 
trol program will be described in detail hereunder with 30 drivability of the power MOSFET 3 to 30% and light- 
reference to FIG. 4. ing an abnormal lamp), and when YES, it transfers to a 

When the semiconductor chip temperature detection- step 411. 

control program is started, the counter 23 of the MPU At this step 411, the power MOSFET 3 is put in an 

2 of FIG. 3 is cleared and the pulse count number N is "OFF' state and the drivability thereof is limited to 

set to be zero at a step 401, as shown in FIG. 4. 35 zero percent 

At a step 402, an oscillation output 7 of the ring oscil- By the operations of limiting the drivability of the 

lator 5 is counted for t seconds. power MOSFET 3 by the steps 408, 409, 410 and 411 

At a step 403, an oscillating frequency f i of the oscil- described above, an abnormal rise in the semiconductor 

lating output 7 of the ring oscillator 5 and a chip tern- chip temperature and breakdown of the device due to 

perature Ti are calculated. abnormality of the external load or an abnormal rise in 

The oscillating frequency fi is determined from the the supply voltage can be prevented, 

pulse count number N for t seconds and the time of t After the operations described above, the presence or 

seconds according to the following equation. absence of an interruption signal 11 from the controller 

4 4 is detected at a step 412, and when the signal is absent, 

A=N/t 0) 5 the processing returns to the step 401. When the signal 

is present, the processing of this program is ended and a 

The semiconductor chip temperature Ti canbecalcu- transfer is made to a processing corresponding to the 

lated from the oscillating frequency fi of the ring oscil- interruption signal 11. 

lator 5 in the following way. FIGS. 5 (A) and (B) show changes in the drivability 
An oscillating frequency f of the CMOS ring oscilla- * u of ^ MOSFET for the rise in the chip tempera- 
tor 5 is expressed by the folio wing equation in accor- ^ in ^ of ^ pr j or art and the present embodi- 
dance with the dependence of the carrier mobility u- of ment 

a semiconductor on a temperature T. In F i GS 5 ( A ) (g^ a broken line shows the prior 



f=K>T-™> (2) 55 



art and a solid line shows the present embodiment. 

According to the prior art, as shown by the broken 

_ A , . . • . . line, a sharp control is conducted wherein the drivabil- 

In this equation, mark k is a constant not change when the semiconductor chip tern- 

Accordingly, the following equation is established in uy u ™ . ' , * o rl ^ " w ~ - ♦ 

regard to a toown oscillating frequency * of the CMOS P«f* e * Wo ^^ ™* *™ t0 * Z *° 

B , ™ b _ ♦ T * Qe WP n 60 with the power MOSFET shut down when the temper- 

nng oscillator 5 at a known temperature To, as well. « ^ ^p«^ lgQe Q Qr above 

fo^k'TQ- m < 3 > According to the present embodiment, as shown by 

the solid line, the drivability is set stepwise with the rise 
On the other side, the following equation is estab- in the semiconductor chip temperature. Therefore, an 
lished between the oscillating frequency fi calculated by 65 effect of preventing a sharp rise in the semiconductor 
the above-stated equation and made known and an un- chip temperature is produced and also it is unnecessary 
known temperature Ti, as well. to limit the drivability of the power MOSFET to zero 

completely in almost all cases. 
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It is a matter of course that the present invention is the chip temperature sensor 5, the A/D converter 13, 

not limited to the above-described concrete embodi- the controller 4 and the power MOSFET 3 are disposed 

ment and that a variety of variants can be formed within on the top of the semiconductor chip 1. 

the domain of the technical idea thereof. in the case when the chip temperature sensor 5 is a 

For instance, the m eans to control the drivability of 5 circuit using the p-n junction in the embodiment of 

the power MOSFET to be zero percent is not limited to FIGS. 6 and 7, a temperature change rate a of a for- 

the MPU 2. A shut down circuit using p-n junction, for wa rd voltage Vi of the p-n junction is about -2 

instance, can be employed also as this means. This shut m V/°C. Accordingly, it is possible to calculate the chip 

down circuit shuts off the power MOSFET when the temperature by the MPU 2 from a temperature change 

semiconductor chip temperature is to be 180° C. or 10 in the forward voltage V x of the p-n junction after the 

ab ^ V % +u ♦ ♦ i +u * - v i *. r u A/D «> nver sion by the A/D converter 13. As for the 

M f f jT ^ means to control the dnvability of the p_ n junction of ^ chj temperature sensor 5, a p-n 

power MOSFET stepwise withm the range of the chip junction diode between the base and the emitter ofan 

temperature from 100* C to 180* C the stored pro- J bipolar of which ^ base ^ 

C^^SSf? M u U 2 J?°™ m 15 Sector are shortened can be used. 

bodiment of FIGS. 1 to 3 can be used In the case when the chip temperature sensor S is a 

Moreover, the ring osciUator 5 as a temperatoe sen- circuit ^ ^e semiconductor (Son rSr m Uie 
sor can be used also as a clock generator for the MPU ^0^^ of piGS. 6 and 7, a tempermure cLee 
2. In such a case, it is necessary to set a connection stage rafo R n , a "L*l~ilT"r ii ^ ? T^L g 
number N of the ring oscillator and a size and a load 20 £ ? ° llT^nt n w%r 1 T 
capacity of a transistor so that the upper limit of the ^J^i^J^ a3 *^ C ^ccoro^y the semi- 
oscillating frequency of the ring oscilStor 5 generated temperature can be calculated by mak- 
with the rise in the temperature may not exceed an m £ a . 001151311 cu f ent flow mt0 the semiconductor 
operating upper limit frequency of the MPU 2. diffusion resistor from a constant current circuit to 

Besides, it is also, useful to provide a circuit not only 25 f nerate a v?*** volta £e by detecting a tempera- 

for detection and control of the temperature of the turechange m constant volta S e - ^ other words, the 
power MOSFET, but also for detection and control of s ^ mi ^^ c r tor cm P temperature can be calculated by 

an overcurrent and an overvoltage. MPU 2 from ^ temperature change in the constant 

As for the semiconductor output device 3 driving the volta S e of the semiconductor diffusion resistor after the 

external load 12, moreover, a bipolar power transistor 30 A/D conversion by the A/D converter 13. 

can also be used therefor other than the power MOS- A . detailed description will be made hereunder on a 

FET. semiconductor chip temperature detection-control pro- 

Another embodiment of the present invention will gram in the embodiment of FIGS. 6 and 7 with refer- 
now be described hereunder with reference to FIGS. 6 ence to FIG. 8. 

to 8. 35 When the semiconductor chip temperature detection- 

FIG. 6 is a block diagram showing a circuit construe- control program is started, a repeat number N is cleared 

tion of a semiconductor integrated circuit according to at a ste P 801, as shown in FIG. 8. 

another embodiment of the present invention. At a step 802, the MPU 2 delivers the convert start 

As shown in FIG. 6, a control signal 9 from the con- signal 15 to the A/D converter 13. 
troller 4 is supplied to the power MOSFET 3 as the 40 At a fep 803, it is detected whether or not an A/D 
semiconductor output device and thereby an output conversion operation of the A/D converter 13 is fin- 
signal 10 of the power MOSFET 3 is made to drive the ^hed, by monitoring the convert finish signal 16 from 
external load 12 such as a motor. With the drive of the the A/D converter 13. When the operation is finished, 
external load 12, heat 6 generated from the power a processing transfers to a step 804. 
MOSFET 3 is transmitted to the chip temperature sen- 45 . At the step 804, an A/D conversion output of the 
sor 5 inside the semiconductor chip and converted into A/D converter 13 is loaded on one of general purpose 
an electric signal 7 by this sensor 5. registers of the MPU 2 and the processing transfers to a 

The chip temperature sensor 5 is a p-n junction or a step 805. 

semiconductor diffusion resistor, for instance, and the At the step 805, the A/D conversion output loaded 

electric signal 7 from the sensor 5 is an analog signal. 50 on the general purpose register of the MPU 2 at the step 

An A/D converter 13 of 8 bits converts the analog 804 and a zero are added up by the CPU of the MPU 2 

electric signal 7 from the sensor 5 into a digital signal 17 when the repeat number N is zero, and the result of the 

and then delivers this digital signal 17 to the MPU Z A addition is loaded on another general purpose register 

convert start signal 15 is delivered from the MPU 2 to of the MPU 2. Thereafter the repeat number N is incre- 

the A/D converter 13, while a convert finish signal 16 55 mented by -+■ 1. 

is delivered from the A/D converter 13 to the MPU 2. When the repeat number N is 1, at the step 805, the 

The digital signal 17 of the A/D converter 13 is trans- A/D conversion output loaded on the general purpose 

mitted to the microprocessor unit (MPU) 2 and pro- register of the MPU 2 at the step 804 and the addition 

cessed by the CPU inside the MPU 2 in accordance result loaded on another general purpose register of the 

with the stored program of the memory inside the MPU 60 MPU 2 in a cycle of N=0 are added up by the CPU of 

2, and a control signal 8 to be supplied to the controller the MPU 2, and the fresh addition result is loaded again 

4 is outputted from the MPU 2. on other one of the general purpose registers of the 

Furthermore, an interruption signal 11 is supplied MPU 2. Thereafter the repeat number N is incremented 

from the controller 4 to the MPU 2. by + 1. 

FIG. 7 is a top view of a semiconductor chip showing 65 At a step 806, it is detected whether or not the repeat 

a simplified circuit layout of the semiconductor inte- number N is 10. When the repeat number N is not 10, 

grated circuit according to the second embodiment of the processing is returned to the step 802 after a pre- 

the present invention shown in FIG. 6, and the MPU 2, scribed time set by a timer at a step 807. When the 
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repeat number N is 10 f the processing is transferred to a 
step 808. 

At the step 808, the addition result loaded on other 
one of the general-purpose registers of the MPU 2 is 
divided by the repeat number N and thereby an average 5 
of the A/D conversion output is determined. By deter- 
mining the average of the A/D conversion output in 
this way, an effect of undesired noise accompanying the 
A/D conversion can be reduced. 

After the average of the A/D conversion output is 
determined at the step 808, the chip temperature is de- 
termined in the same way substantially as in the embodi- 
ment of FIGS. 1 to 4 and the drivability of the power 
MOSFET is limited stepwise. 15 

It is a matter of course, according to the present 
invention, that not only the program for executing the 
chip temperature control, but also other program in- 
structions, can be stored in the memory 20 of the MPU 

2. 20 

As for examples of other programs, there is a pro- 
gram for a sequence control of the external load 12 or a 
program for a control of rotation of a motor in the case 
when the external load 12 is the motor. 

The program for executing the chip temperature 25 
control and other program can be executed also on the 
basis of a time-share system by the MPU 2. 

In regard to a method of setting the drivability of the 
power MOSFET, it can be set by setting the pulse 
width of an input signal to be impressed on a gate of the 30 
power MOSFET in the case of a PWM drive. In an- 
other example, it can be set also by making variable a 
voltage level of the input signal to be impressed on the 
gate of the power MOSFET. 

Since the program for executing the chip temperature 
control can be stored in the memory of the MPU, ac- 
cording to the present invention, the electric signal 
generated from the sensor is processed by the CPU in 
accordance with the stored program of this memory. ^ 

Accordingly, the drivability of the semiconductor 
output device can be set in an optimum state corre- 
sponding to changes in chip temperature including mo- 
mentary changes, and thus the semiconductor inte- 
grated circuit having a semiconductor chip temperature 45 
control function of high grade can be furnished. 

What is claimed is: 

1. A semiconductor integrated circuit chip compris- 
ing: 

a semiconductor output device driving an external so 



a sensor for sensing heat generated by said semicon- 
ductor output device, and 

a microprocessor unit including at least a memory, a 
counter and a CPU, 55 

wherein said semiconductor output device is a power 
MOSFET, 



wherein said sensor is a ring oscillator generating an 
oscillation signal, and oscillation frequency of 
which is dependent on said heat generated by said 
power MOSFET, 

wherein said oscillation signal of said ring counter is 
counted by said counter, 

wherein digital count data of said counter based on 
said oscillation signal of said ring oscillator is com- 
pared with a plurality of comparison levels by said 
CPU in accordance with a stored program of said 
memory, and 

wherein driveability of said power MOSFET is set at 
a selected one of a plurality of driveability levels 
corresponding to said plurality of comparison lev- 
els in accordance with a result of comparison of 
said digital count data with said plurality of com- 
parison levels. 

2. A semiconductor integrated circuit chip according 
to claim 1, further comprising: 

a first power supply terminal for supplying a supply 
voltage to said CPU from outside of the chip; and 

a second power supply terminal for supplying a sup- 
ply voltage to said power MOSFET from outside 
of the chip. 

3. A semiconductor integrated circuit chip; compris- 
ing: 

a semiconductor output device driving an external 
ioad; 

a sensor for sensing heat generated by said semicon- 
ductor output device, and 

a microprocessor unit including at least a memory, a 
counter and a CPU, 

wherein said sensor is a ring oscillator generating an 
osculation signal, an oscillation frequency of which 
is dependent on said heat generated by said semi- 
conductor output device, 

wherein said oscillation signal of said ring counter is 
counted by said counter, 

wherein digital count data of said counter based on 
said oscillation signal of said ring oscillator is com- 
pared with a plurality of comparisons levels by said 
CPU in accordance with a stored program of said 
memory, and 

wherein driveability of said semiconductor output 
device is set at a selected one of a plurality of possi- 
ble driveability levels, corresponding to said plu- 
rality of comparison levels, in accordance with a 
result of comparison of said digital count data with 
said plurality of comparison levels. 

4. A semiconductor integrated circuit chip according 
to claim 3, further comprising: 

a first power supply terminal for supplying a supply 
voltage to said CPU from outside of the chip; and 

a second power supply terminal for supplying a sup- 
ply "voltage to said semiconductor output device 
from outside of the chip. 
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